Rapid lamellipodia formation in nerve growth factor-stimulated PC12 cells is dependent on Rac and PI3K activity.
Neuronal differentiation of PC12 cells is achieved by stimulation with nerve growth factor (NGF) but not by epidermal growth factor (EGF). However, features of differentiation such as neurite outgrowth are observable at the earliest after several hours. Using actin staining of the cells, we show here that NGF stimulation leads to lamellipodia formation within only 3 min at the periphery of the PC12 cells. EGF stimulation or microinjection of differentiation-inducing c-Crk I protein does not cause lamellipodia. The actin reorganization after NGF stimulation is blocked by microinjecting dominant negative Rac protein. The lamellipodia formation is also abolished by inhibitors of phosphatidylinositol 3-kinase, wortmannin and LY 294002 in a concentration-dependent manner. Phase-contrast time-lapse microscopy was used to analyze membrane dynamics in real time and to confirm the induction of lamellipodia by NGF and their inhibition by pretreatment with both wortmannin and LY 294002. The results indicate that NGF, but not EGF, leads to rapid lamellipodia formation in PC12 cells via phosphatidylinositol 3-kinase and the small GTPase Rac, thereby defining a novel role for these factors in early NGF signaling.